Regioselectivity and nucleophilic control in the cyclopropane ring opening of duocarmycin SA derivatives under neutral and acid conditions: a quantum mechanical study in the gas phase and in solution.
We present a quantum mechanical investigation of the nucleophilic addition to the cyclopropane ring of a representative member of antitumor antibiotics related to CC-1065. We have analyzed, in particular, the regioselectivity of the reaction and its tuning by the nature of the etheroatom (O or N) in the nucleophile under both neutral and acidic conditions. Our results are in agreement with the experimental trends and suggest that, contrary to methanol, N-bases can be effective also under neutral conditions, irrespective of the additional steric constraints experienced in the biologically active substrate (DNA). The reliability of the computational protocol, rooted in the density functional theory coupled to a refined continuum solvent model, allows us to put forward reliable structure/reactivity relationships and to interpret the results in terms of reactivity indexes (hardness, electrophilic character).